Pyruvate kinase (EC 2.7.1.40) is of particular importance in glycolysis for controlling the flux from fructose-l,6-bisphosphate through to pyrwate. It catalyses the essentially irreversible conversion of phosphoenolpyruvate to pyruvate by the addition of a proton and the loss of a phospho group which is transferred to ADP. phosphoenolpyruvate + MgADP + H+ = pyruvate + MgATP
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The enzyme from most sources is a tetramer of identical subunits each about 500 residues in length. The enzyme has an absolute requirement for monovalent and divalent cations (usually K+ and Mg2+) which act to coordinate and orientate the substrates prior to catalysis. A number of isoenzymes of pyruvate kinase are found to exist in vertebrate tissues. Their kinetic and regulatory properties reflect the metabolic requirements of the tissues in which they are expressed. The L. M2 and R isoenzymes from liver, kidney and red blood cells respectively are all allosterically regulated by a number of effectors such as fructose-l,6-bisphosphate, ATP and gluconeogenic amino acids. These isoenzymes display a sigmoid relationship of reaction rate with respect to substrate PEP. This control is essential to prevent futile cycling of substrates in tissues that can undergo glycolysis and gluconeogenesis. The M1 isoenzyme from skeletal muscle is not allosterically regulated and displays hyperbolic Michaelis-Menten type kinetics. The yeast S.cerevisiae has a single allosterically regulated form of the enzyme and has been sequenced in this lab (1) . lntersubunit contact zones are thought to be important in mediating the allosteric transition. Two major types of intersubunit contact are present in pyruvate kinase. Interactions between subunits 1 and 2 and between subunits 3 and 4 do not contribute significantly to the enzyme's response to allosteric effectors. However, the interactions between subunits 1 and 3 and between subunits 2 and 4 are considered to be largely responsible for the enzyme's altered kinetic properties upon effector binding. The tetrameric enzyme could almost be considered to be a dimer of dimers (see Fig.1 ). The cat skeletal muscle enzyme has also been sequenced and crystallised, allowing its 3-dimensional structure to be resolved to 2.6A (2). The main difference between the non-regulated cat muscle enzyme and the yeast enzyme have been localised to two alpha helices (Cal and Ca2) that form the 1,3 (and 2,4) intersubunit contacts. Work is under way on two aspects of the yeast pyruvate kinase activity. Examination of the crystal structure has led to the identification of lysine 239 as the ultimate proton donor during catalysis. The effect of altering the position of the positive charge on catalysis is being measured by mutating the lysine to both an ariginine and a histidine by site-directed mutagenesis. Other mutations have been introduced into one of the alpha helices responsible for maintaining the intersubunit contacts described above. Serine 384 in subunits 1 and 2 lie directly opposite serine 384 in subunits 3 and 4 making this residue a suitable target for mutagenesis. Their proximity to one another can be exploited to maximise any alteration in kinetic properties. These serine residues have been mutated to the charged residues arginine and histidine and to the helix-destabilising residue proline. These mutations are expected to alter significantly the catalytic activity (Lys 239) and the response to allosteric effectors (Ser 384) of the enzyme. These effects can be detected and measured by standard kinetic techniques. Of particular importance are any conforrnational changes induced on binding the various effectors. These changes can be detected by methods such as tryptophan fluorescence, CD spectroscopy and equilibrium dialysis. The effect of these mutations may be to inactivate completely or even to cause the dimerisation of the enzyme. If this is the case, purification of the mutants will be more difficult as enzymic activity can not be used to monitor the progress of the purifcation. A high affinity polyclonal antisera against wild-type pyruvate kinase has been raised and purified from rabbits. This could prove very useful in aiding the identification and purification of mutant forms of the enzyme. An improved purification protocol has been devised that enables rapid purification of large amounts of protein for study. phagemid (3) is being developed to enhance the production and purification of mutant protein.
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